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PART  I 


UROCHROMOGEN: 


A  DIAZO  GIVING  SUBSTANCE 
IN  PATHOLOGICAL  URINES 


1 


UROCHROMOGEN*:  A  DIAZO  GIVING  SUBSTANCE 

IN  PATHOLIGICAL  IJRINES 

INTRODUCTION 

WITH  A  COMPREHENSIVE  REVIEW  OF  THE  LITERATURE 

Urine  contains  an  abundance  of  substances  which  can 
couple  with  diazo  benzene  sulfonic  acid  to  give  azo  pigments. 

{  x 

The  coupling  can  occur  either  in  an  acid  or  an  alkaline 
solution  of  the  diazonium  salt.  Those  substances  responsible 
for  the  diazo  reaction  in  acid  solution,  or  the  so  called 
primary  color  reaction  of  Ehrlich,  are  few  and  have  been 
already  fairly  well  shown  to  be  urobilinogen  and  bilirubin. 

Most  of  the  urinary  substances  capable  of  coupling, 
however,  react  in  an  alkaline  solution  of  diazotized 
sulfanilic  acid.  Many  of  those  have  already  been  definitely 
identified.  Some  of  them  are:  urocanic  acid,  histidine, 
tyrosine,  glucose,  aceto-acetic  acid,  peptones,  the  oxy- 
acids  and  many  phenolic  substances.  A  complete  investigation 
into  all  the  urinary  constituents  that  react  with  alkaline 
diazotized  sulfanilic  acid  would,  in  all  probability,  prove 


*  There  is  insufficient  evidence  of  the  chromogenic  nature 
of  this  substance  to  merit  use  of  the  term,  URO CHROMOGEN; 
but  its  chemical  nature  and  properties  are  still  so  obscure 
that  to  give  it  another  term  would  be  equally  unsubstantiated. 
Therefore  the  use  of  the  term  that  Weiss  originally  applied 
to  it  will  be  continued. 
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itself  to  be  an  impossible  task. 

The  * diazo  reaction’  of  urine,  with  which  this 
present  study  is  concerned,  was  first  discovered  by 
Ehrlich  (20)  in  1882.  Of  the  substances  in  urine  capable 
of  coupling  with  diazonium  salts  in  alkaline  solution, 
Ehrlich  was  most  interested  in  the  one  found  in  typhoid 
urines  which  gave  an  intense  red  color  -  particularly  in 
the  foam.  Further  description  of  the  test  and  its  ap¬ 
plications  followed  shortly  after  (Ehrlich,  1883,  1; 

1883,  2;  1884).  It  is  this  test  which  has  been  wholly 
responsible  for  differences  of  opinion  in  the  literature 
concerning  the  diazo  reaction  in  urine.  There  is  ex¬ 
tensive  clinical  literature  on  the  test,  which  has  been 
reviewed  up  to  1909  by  Huber  (20)  who  quotes  261  references 
including  some  30  theses  or  dissertations  on  the  subject. 
The  cause  of  this  diazo  reaction  has  been  attributed  to  a 
variety  of  substances  and  there  have  been  periodic 
attempts  in  this  laboratory  and  elsewhere  to  isolate  the 
substance,  but  none  of  these  attempts  have  been  success¬ 
ful,  consequently  the  substance  is  still  very  incompletely 
characterized. 

In  his  first  paper  (1882)  Ehrlich  used  a  saturated 
solution  of  sulphanilic  acid  in  nitric  acid  (30  -  50cc.  of 
concentrated  nitric  acid  in  500  cc.).  To  this  he  added 
”a  few  granules”  of  sodium  nitrite,  noting  that  the  re¬ 
agent  contained  no  free  nitrous  acid.  He  also  recommended 
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ammonium  hydroxide  or  potassium  hydroxide  as  alkali.  After 
the  publication  of  the  papers  by  Penzoldt  and  Petri  (32), 
Ehrlich  (1883,  2)  recommended  the  use  of  a  saturated  solu¬ 
tion  of  sulfanilic  acid  containing  50  ml.  of  concentrated 
hydrochloric  acid  per  litre,  stating  at  the  same  time  that 
1  gm.  of  sulfanilic  acid  per  litre  suffices.  The  reagent 
was  then  made  by  adding  5  ml.  of  0.5  per  cent  sodium  nitrite 
solution  to  250  ml.  of  the  sulfanilic  acid  solution.  And, 
as  Penzoldt  and  Petri  (32)  had  shown  that  glucose  gives  a 
color  with  the  reagent  in  contact  with  potassium  hydroxide, 
Ehrlich  definitely  stated  that  ammonium  hydroxide  was  the 
preferable  alkali  for  his  test,  although  it  gives  a  yellow 
color  with  the  reagents  alone. 

The  test  is  thus  fully  described  by  Ehrlich  (1383,  1) 

(10) .  The  reagents  are  first  prepared  as  follows: 

(a)  5.0  gm.  sulfanilic  acid  with  50  ml.  concentrated 
hydrochloric  acid  made  to  1.0  litre  with  water. 

(b)  5.0  gm.  sodium  nitrite  made  to  1.0  litre  with 
water. 

From  these  a  working  solution  is  made  up  by  mixing 
50  ml.  of  (a)  with  1.0  ml.  of  (b).  In  performing  the  test 

(11)  an  equal  portion  of  reagent  is  added  to  a  portion  of 
urine.  There  may  result  a  primary  color  attributable  to  the 
presence  of  bilirubin.  On  making  the  solution  alkaline  with 
ammonium  hydroxide,  a  secondary  red  color  develops.  When 
shaken,  a  red  foam  indicates  a  positive  test  which  was  re¬ 
garded  as  significant  in  certain  febrile  disorders. 
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Ehrlich  applied  the  test  to  most  of  the  common 
urinary  constituents,  hut  could  find  no  substance  which 
behaved  like  this  constituent  of  urine  from  febrile 
conditions.  He  observed  that  it  is  a  reducing  substance 
and  is  very  readily  oxidized,  especially  in  alkaline 
solution.  The  addition  of  a  few  drops  of  potassium  per¬ 
manganate,  calcium  oxychloride  or  other  oxidizing  a- 
gents,  quickly  destroys  the  substance  giving  the  diazo 
reaction.  With  respect  to  oxidizing  agents  he  observed 
its  resemblance  to  pyrogallol. 

Ehrlich  and  Brieger  (Ehrlich,  1884)  attempted  to 
isolate  the  substance.  They  found  that  it  is  not  precipi¬ 
tated  by  neutral  lead  acetate  but  that  it  is  precipitated 
by  basic  lead  acetate.  The  latter  precipitate  was  well 
washed  and  freed  from  lead  by  hydrogen  sulfide.  The  fil¬ 
trate  from  PbS  was  then  evaporated,  mixed  with  alcohol, 
and  treated  with  oxalic  acid,  to  remove  urea.  The  fil¬ 
trate  was  again  evaporated  and  treated  with  calcium 
carbonate.  The  calcium  salt  they  found  to  be  soluble  in 
alcohol  and  insoluble  in  ether.  They  record  that  the 
calcium  or  zinc  salts  gave  an  exquisite  color  with  the 
diazo  test  but  found  these  salts  were  too  unstable  to 
permit  further  progress  in  the  purification  of  the  sub- 
stance. 

During  the  next  thirty  years,  which  saw  the  growth 
of  the  large  clinical  literature  already  referred  to, 
(Huber’s  monograph,  1909)  it  is  not  an  over  statement  to 
say  that  practically  nothing  was  added  to  our  knowledge 

of  the  nature  of  the  substance  giving  the  reaction  (20). 

The  first  significant  advance  after  Ehrlich's 
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studies,  was  made  by  Moritz  Weiss  in  a  series  of  papers 
on  the  pigment  analysis  of  urine  published  since  1920, 

(39)  (40)  (41)  (42)  (43). 

In  all  his  experiments  Weiss  used  a  slight  modifi¬ 
cation  (42)  of  the  Ehrlich’s  diazo  test  and  claims  the 
modification  does  not  change  its  original  significance. 

The  diazo  reaction  according  to  Weiss  consists  of: 

(a)  5  gms.  sulfanilic  acid  with  50  ml.  of  concentrated 
hydrochloric  acid  in  1  liter  of  water. 

(b)  0.5  per  cent  sodium  nitrite. 

The  reagent  is  prepared  by  mixing  24  ml.  of  (a) 
with  1  ml.  of  (b ) . 

In  performing  the  test  3  ml.  of  the  diazo  reagent 
is  added  to  5  ml.  of  urine  or  some  other  test  solution. 

This  is  followed  by  1  ml.  of  20  per  cent  sodium  hydroxide. 

It  can  be  seen  that  Weiss  has  doubled  the  strength 
of  the  reagent  but  has  lessened  its  amount  added  to  the 
urine  so  that  the  net  concentration  of  reagent  used  is 
almost  the  same  as  that  in  the  Ehrlich  test.  He  used 
sodium  hydroxide  instead  of  ammonium  hydroxide  as  alkali 
because  the  latter  gives  a  yellow  color  with  the  reagents 
alone.  This  was  a  definite  improvement  in  the  test. 

The  main  findings  of  Weiss  with  regard  to  substance 
giving  Ehrlich’s  diazo  reaction  are: 

(a)  It  is  not  precipitated  by  neutral  lead  acetate 
but  precipitation  occurs  with  excess  lead  acetate  in  the 
presence  of  a  definite  excess  of  sodium  hydroxide.  By 
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this  means  it  is  separable  from  various  other  urinary 
pigments,  which  are  precipitated  by  neutral  lead  acetate, 
and  from  iminazole  derivatives  which  are  not  precipitated 
by  neutral  or  basic  lead  acetate. 

(b)  It  is  oxidized  by  potassium  permanganate  to  a 
yellow  substance  regarded  by  Weiss  as  identical  with 
urochrome,  and  ultimately  oxidizable  to  a  melanin,  which 
he  termed  uromelanin. 

(c)  The  substance  is  not  precipitated  by  full 
saturation  with  ammonium  sulfate,  and  thus  occurs  in  the 
urochrome  fraction  of  G-arrod.  Like  urochrome  it  is 
extractable  from  the  ammonium  sulfate  solution  with 
absolute  alcohol. 

The  properties  of  this  substance  which  he  called 
UROCHROMOGEN  were  thus  summarized  by  Weiss  (40) ,  and  are 
given  below; 

It  has  acid  properties  since  it  forms  salts  soluble 
in  water  and  alcohol,  but  insoluble  in  ether.  It  gives  a 
strong  xanthoproteic  acid  test,  and  its  solutions,  when 
heated  with  25  per  cent  sulfuric  acid  and  potassium 
dichromate  have  the  odor  of  phenylacetaldehyde.  On  the 
basis  of  this  test  he  considered  it  to  be  a  phenylalanine 
derivative  possessing,  on  the  evidence  of  its  positive 
diazo  test,  at  least  one  hydroxyl  group.  It  gives  a  negative 
Millon’s  test  and  a  negative  glyoxylic  acid  test,  so  that 
tyrosine  and  tryptophane  derivatives  are  eliminated. 

Since  it  gives  a  greenish  color  with  ferric 
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chloride  in  neutral  solution,  it  is  considered  probable 
that  the  side-chain  is  in  the  o-position  to  the  hydroxyl 
group.  On  the  evidence  of  the  positive  permanganate 
test,  oxidation  in  presence  of  alkali,  and  its  power  to 
reduce  ammonical  silver  solutions  it  is  considered  to 
possess  yet  other  atomic  groups  which  are  responsible  for 
the  high  chromogenic  tendency  of  the  substance.  It  is 
transformed  by  the  uptake  of  oxygen,  to  the  more  strongly 
colored  urochrome,  which  gives  a  diazo  reaction  of  less 
intensity  and  without  the  characteristic  red  foam.  It 
finally  oxidizes  to  uromelanin  which  represents  the 
oxidized  end  product  of  the  pathological  urochromgen. 

As  Weiss  (41)  found  lead-blackening  sulfur  present 
in  uromelanin  prepared  from  purified  fractions  of 
urochromogen,  he  considers,  in  the  last  paper  of  his 
series  (43)  that  urochromogen  is  probably  a  derivative  of 
phenylcysteine . 

Weiss  is  emphatic  that  urochromogen  is  a  normal 
constituent  of  urine. 

The  findings  of  Y/eiss  rest  for  the  main  part  on 
the  use  of  Ehrlich’s  technique  where  there  was  always  the 
question  of  the  red  foam.  To  overcome  the  obstacle  of  the 
rose  foam,  Weiss  used  the  permanganate  test  but  then  even 
his  purest  fractions  of  urochromogen  were  not  pure  enough 
to  warrant  the  belief  that  urochromogen  was  the  only 
substance  responsible  for  reducing  the  potassium 
permanganate.  Therefore,  although  the  value  of  YYeiss’ 
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work  on  the  nature  of  urochromogen  is  recognized,  some 
of  his  findings  should  he  accepted  with  reserve. 

Urochromogen  and  Urochrome  and  Their  Relation  to  the 

Urinary  Pigments 

The  yellow  color  of  the  urine  is  a  striking  yet  a 
poorly  understood  characteristic.  It  was  the  original 
concept  that  urine  color  was  due  to  one  substance; 
however,  after  the  isolation  of  urobilin  and  uroerythrin 
by  Jaffe  (26)  and  the  separation  of  the  urine  pigments 
into  two  fractions  with  ammonium  sulfate  by  Garrod  (16) 
this  idea  was  no  longer  tenable.  Thudichum  (36),  although 
admitting  the  presence  of  urobilin , still  regarded  urochrome 
as  the  main  pigment  of  normal  and  pathological  urine. 

The  concept  that  urochrome  is  the  principal  pigment  of 
normal  urine  is  still  the  accepted  view  today. 

Weiss  (39),  who  was  able  to  separate  all  the 
urinary  constituents  into  three  distinct  fractions^ found 
that  most  of  the  urinary  pigments  are  not  contained  in 
the  urochrome  fraction;  that,  at  the  most,  urochrome 
contributes  only  to  one-fourth  of  the  total  color  value 
of  the  urine.  On  that  account  it  is  not  the  only  source 
of  urine  color  but  contributes  to  it  only  in  a  subsiduary 
way.  The  substances  which  he  regarded  as  comprising  most 
of  the  urine  coloring  matter,  are  urobilin  (urobilinogen 
to  urobilin),  hematoporphyrin,  uroerythrin,  several 
alkaptochromes  and  certain  other  pigments  arising  from 
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the  food.  Also  regarded  by  him  as  important  are 
urochromogen,  urorosein,  and  other  unknown  chromogens. 

Urochrome,  if  such  a  chemical  entity  exists,  has 
not  yet  been  isolated  so,  as  far  as  is  known,  the  above 
findings  of  Weiss  have  been  neither  supported  nor  seriously 
discredited.  It  will  be  shown  later,  that  the  work  in 
this  laboratory  does  not  favor  his  belief  that  urochromogen 
is  a  precursor  of  urochrome. 

The  results  of  the  more  recent  work  on  urochrome 
by  Drabkin  (1930)  (9)  (8)  are  interesting.  He  claims  to 
have  obtained  relatively  pure  concentrations  of  urochrome 
from  acidified  urine  by  extracting  it  with  normal  butyl 
alcohol.  All  his  preparations  contained  some  crystals 
which  appeared  to  be  practically  colorless;  however  the 
powdered  preparation  itself  was  brown  in  color.  On  the 
basis  of  a  Tswett  chromatographic  analysis,  Drabkin 
concluded  that  the  pigment  is  a  chemical  entity  and  not  a 
mixture  of  substances.  The  pigment  has  no  definite 
spectral  absorption  bands.  Drabkin  also  observed  that 
the  substance  contains  some  sulfur  and  has  reducing 
properties.  These  last  two  findings  are  in  accordance 
with  the  findings  of  Dombrowski  (7)  and  Weiss  (41). 

Drabkin  did  not  test  the  reduced  substance  with  Ehrlich’s 
diazo  reagent  to  see  if  it  was  identical  with  Weiss’ 
urochromogen. 

Despite  the  voluminous  literature  upon  the  methods 
for  isolating  and  characterizing  the  normal  pigment  of 
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the  urine  since  the  original  contribution  upon  the 
subject  in  1800,  and  despite  the  latest  findings  of 
Drabkin,  the  nature  of  urochrome  still  remains  very- 
vague. 

The  most  recent  books  on  "Urine  and  Urinanalysis" 
still  consider  urochrome  as  the  principal  pigment  of 
normal  urine,  despite  the  findings  of  Hess.  They  do, 
however,  recognize  the  role  of  urobilin,  uroerythrin  and 
hematoporphyrin  in  contributing  color  to  urine. 

The  extent  of  our  knowledge  on  urochrome  today  is 
best  summarized  by  the  most  recent  edition  on  "Practical 
Physiological  Chemistry",  by  Hawk,'  Oser  and  Summer  son  (17) 
"Urochrome  is  the  principal  pigment  of  normal  urine. 
Its  chemical  nature  is  not  definitely  established.  It 
appears  to  be  a  compound  of  urobilin  and  urobilinogen 
with  a  peptide  substance.  It  is  a  product  of  endogenous 
metabolism  and  is  fairly  constant  in  amount  from  day  to 
day  in  the  urine  of  normal  individuals.  Tryptophane  and 
a  metabolic  derivative,  kynurenine,  are  said  to  be 
precursors  of  urochrome  (28).  That  its  amount  is  propor¬ 
tional  to  the  intensity  of  endogenous  metabolism  is 
indicated  by  the  fact  that  there  is  an  increase  in 
hyperthyroidism,  in  fasting,  and  in  fevers.  It  is 
increased  by  acid  and  decreased  by  alkali  administration." 
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The  Contributions  of  Hermanns  and  Sachs  and  Hunter 

From  an  investigation  of  urine  from  tuberculous 
patients,  Hermanns  and  Sachs  (1921)  (18)  concluded  that 
the  substance  giving  the  Ihrlieh  diazo  reaction 
(urochromogen)  is  a  sulfuric  acid  ester  of  an  oxidation 
product  of  tyrosine.  Their  evidence  rests  on  the  finding 
that  the  ether  extract  of  the  urine  gives  a  greenish 
ferric  chloride  test,  a  positive  Millon's  test,  besides 
decolorising  bromine  and  permanganate  solutions,  and 
reducing  ammonlcal  silver.  The  presence  of  sulfur  was 
indicated  by  finding  it  in  an  ether-pyridine  extract  of 
the  urine  after  addition  of  diazotised  dichloroanaline  in 
alkaline  solution.  The  dye,  however,  was  not  obtained  in 
a  pure  state. 

Later  Hermanns  (1922)  (19)  himself  prepared  a  dye 
from  Ehrlich  diazo  positive  tuberculous  urine  by  :  ndensa- 
tion  with  diazotised  dichloroanaline.  The  dye  was 
prepared  as  follows: 

Ten  liters  of  tuberculous  urine  was  made  acid  to 
Congo  red  and  heated  for  five  minutes.  (This  procedure 
is  to  hydrolyse  the  sulfuric  acid  ester  supposed  to  be 
present  by  Hermanns  and  Sachs).  The  urine  was  then 
cooled  and  made  alkaline  with  sodium  hydroxide  and  suffi¬ 
cient  diehloro-diazo  benzene  added.  The  dye,  recovered 
from  the  ether-pyridine  extract,  was  then  extracted  in  a 
Soxhlet  apparatus  with  ether.  From  this  solvent  it  was 
precipitated  with  petrol-ether.  After  repeated  solution 
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in  ether  and  precipitation  with  petrol-ether,  dark  red 
irregular  prisms  were  finally  obtained,  which  on 
microanalysis  led  to  the  formula  C14H9NgClg04.  He 
concluded  that  the  original  substance  had  the  composition 
C8H704  and  that  this  was  the  chemical  composition  of 
urochromogen.  He  assumed  further  that  urochromogen  v/as 
a  polyphenol  with  a  cumarone  nucleus: 


Sachs  (1936)  (18)  several  years  later  separated 
similarly  prepared  dyes  into  four  fractions,  one  of  which 
she  suggested  as  the  probable  carrier  of  urochromogen,  a 
possibility  related  to  kynurenine.  This  possibility  was 
also  presented  by  other  workers  (28). 

Within  the  past  thirty  years  Hunter  (20)  has  made 
various  attempts  to  isolate  urochromogen;  but  with  little 
success.  However,  in  the  course  of  his  work  there  emerged 
certain  indications  as  to  the  probable  nature  of  the 
substance. 


problem 


One  of  Hunter’s  chief  contributions  to  this  particular 
was  his  new  method  for  performing  the  test  which  rendered  it 
quite  distinct  from  all  other  diazo  tests  ever 
mentioned  before  in  the  literature.  There  is  now  never 
any  doubt  as  to  whether  the  test  is  positive  or  not,  as 
it  might  appear  in  the  case  of  a  red  foam  according  to 
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Ehrlich’s  procedure. 

The  composition  of  the  Koessler  and  Hanke  (27) 
reagent  is  given  below  with  the  new  precedure  employed 
by  Hunter  (22): 

(a)  50.0  gm.  90  per  cent  sodium  nitrite  made  to 
1.0  liter  with  water 

(b)  9.0  gm.  sulfanilic  acid  with  90  ml.  37  per  cent 
hydrochloric  acid  made  to  1.0  liter  with  water. 

(c)  Freshly  prepared  1.1  per  cent  sodium  carbonate. 

The  test  reagent  is  made  by  placing  1.5  ml.  of  (b) 

in  a  50  ml.  volumetric  flask,  followed  by  1.5  ml.  of  (a), 
then  after  five  minutes  6.0  additional  ml.  of  (a)  are 
added,  and  finally  five  minutes,  later  the  volume  is  made 
up  to  the  mark  with  water.  The  reagent  is  quite  unstable 
so  that  it  is  essential  to  keep  it  cold  and  freshly 
prepared  every  day  or  so. 

For  testing,  1.0  ml.  of  working  solution  is  added 
to  2.5  ml.  of  l.lper  cent  sodium  carbonate,  mixed  and 
followed  within  one  minute  by  one  drop  of  urine.  The 
Type  A  reaction  results  in  a  yellow  to  reddish  color, 
developing  to  a  maximum  in  three  to  four  minutes.  The 
Type  B  test  is  characterized  by  a  bright  orange  red  flash 
when  the  urine  strikes  the  reagent.  This  fades  in  a  few 
seconds  after  mixing,  and  there  follows  an  intensification 
of  the  yellow  to  reddish  color  as  in  the  Type  A  reaction. 
All  urines  give  some  form  of  Type  A  reaction.  The 
substances  in  urine  mainly  responsible  for  it  are  imina- 
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azoles,  phenols,  purines  and  probably  unknown  chromogens. 
Type  B  reaction  is  given  only  by  pathological  urine, 
especially  that  from  typhoid  and  measles.  The  great  in¬ 
stability  of  the  azo-color  produced  from  urochromogen  thus 
differentiates  this  type  of  reaction  from  any  other  type 
described  in  previous  literature. 

Even  though  the  test  is  so  radically  different 
from  Ehrlich’s,  Hunter  has  found  no  reason  to  believe 
that  the  substance  responsible  for  the  Type  B  diazo 
reaction  is  any  different  from  the  one  responsible  for 
the  characteristic  red  foam  of  Ehrlich’s  test.  Also, 
Hunter  is  of  the  opinion  that  there  may  be  more  than  one 
substance  to  which  may  be  attributed  the  Ehrlich  diazo 
reaction,  or  the  modification  that  he  had  introduced. 

After  the  publication  of  a  paper  by  Baudisch  (1924) 
(1)  on  the  oxidation  of  pyrimidines  by  ferrous  bicarbonate 
Hunter  made  a  suggestion  as  to  the  chemical  nature  of 
urochromogen.  The  Baudisch  oxidation  is  apparently 
applicable  to  cyclic  compounds  containing  an  ethylene 
group.  He  applied  Baudisch’ s  procedure  to  uracil, 
cytosine,  indole  and  histidine  and  found  that  the  final 
solutions  of  these  compounds  gave  reactions  which  were 
similar  to  the  Type  B  reaction  of  urochromogen.  Baudisch 
suggested  that  the  ethylene  group  is  oxidized  by  ferrous 
bicarbonate  by  the  addition  of  one  molecule  of  water 
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The  previous  suggestion  of  Hermanns  (19)  that 
urochromogen  is  a  cumarone  derivative  appeared  very 
interesting  to  Hunter  at  that  stage,  as  cumarone  contains 
an  ethylene  linkage  and  may  form  a  compound  of  the  type 
described  by  Baudisch.  The  composition  of  urochromogen 
as  found  by  Hermanns  was  elaborated  upon  by  Hunter  to  be 
as  follows: 


OH 

oh/  \ 


This  formula  is  C8H804  instead  of  C8H704  as 
given  by  Hermanns.  Such  a  substance  would  most  probably 
give  all  of  the  reactions  which  have  been  described 
for  urochromogen.  The  work  of  Hermanns,  however,  will 
require  to  be  confirmed  before  the  above  formulation  of 
urochromogen  can  be  taken  as  more  than  a  suggestion. 

Hunter  applied  his  test  to  several  hundreds  of 
normal  urines  and  failed  to  find  urochromogen  in  any  of 
them.  His  findings  thus  contradict  the  findings  of 
Weiss. 
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(a)  The  Origin  of  Urochromogen  and,  (1)  its 

Pathological  Significance 

(a)  In  his  studies  on  the  "Origin  and  Relationships 
of  Urochromogen" ,  Weiss  (40)  indicates  that  urochromogen 
depends  exclusively  on  endogenous  metabolism,  and  that 
it  has  no  relationship  to  the  food  intake.  The  material 
from  which  urochromogen  arises  is  not  very  sharply 
defined.  Weiss  found  no  correlation  between  the  disinteg¬ 
ration  of  erythrocytes  and  the  excretion  of  urochromogen; 
however,  there  was  some  indication  that  urochromogen 
increased  in  urines  during  much  degradation  and  destruction 
of  leucocytes.  Weiss  concludes  that  the  break  down  products 
of  leucocytes  may  contribute  to  the  formation  of  uroch¬ 
romogen,  yet  there  is  no  evidence  that  they  are  the  sole 
source;  rather  they  share  only  in  the  picture  of  the 
extensive  degenerative  process  in  the  organism  which 
contributes  so  largely  to  the  formation  of  this  substance. 
Weiss  was  later  inclined  to  look  upon  nuclear  substances 
as  providing  the  material. 

Weiss  regarded  the  kidneys  as  the  site  of  origin 
of  urochromogen.  None  of  the  body  fluids  and  no  organ 
extract  gave  the  urochromogen  reaction.  Kidney  damage 
in  the  course  of  tuberculosis  led  to  the  disappearance  of 
urochromogen.  In  shrunken  kidneys  the  urine  became 
urochromogen  poor.  As  a  result  he  assumed  urochromogen 
is  formed  in  the  kidneys  as  a  specific  secretion  from  the 
nuclear  waste  products  brought  to  it,  just  as  the  liver 
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forms  bilirubin  from  hematin. 

(b)  When  first  introduced  by  Ehrlich  a  positive  diazo 
reaction  was  thought  to  be  of  significance  in  the  diagnosis 
of  typhoid  fever.  riowever,  it  is  now  recognized  that  the 
diazo  reaction  is  not  peculiar  to  typhoid  fever  but  occurs 
also  in  other  febrile  conditions  among  which  are  puerperal 
fever,  measles,  and  typhus  fever. 

A  positive  reaction  may  also  be  encountered  in 
pulmonary  tuberculosis  and  in  ^iodgkin's  disease;  its 
appearance  in  the  former  condition  is  regarded  by  some  as 
indicating  a  grave  prognosis.  A  strongly  positive  diazo 
reaction  is  seen  also  in  trichinosis,  appearing  during 
the  development  of  the  trichinae. 

Different  drugs,  such  as  opium,  morphine,  chrysarobin, 
naphthalin,  and  heroin,  when  taken  internally  give  the 
diazo  reaction.  Other  drugs,  such  as  tannin,  creosote, 
guaiacol,  salol,  and  streptomycin  render  the  diazo 
reaction  in  urine  negative  -  a  point  to  be  remembered  in 
collecting  urine  from  tuberculous  patients  where  a  number 
of  these  drugs  may  frequently  be  given. 

Diazo  reactions  have  also  been  reported,  though 
irregularly,  in  certain  non-febrile  conditions  such  as 
leukemia,  hepatic  cirrhosis,  cardiac  failure,  and 
carcinoma. 

From  what  has  been  said  it  is  apparent  that  the 
diazo  reaction  is  of  little  if  any  definite  clinical  value 
and  it  is  therefore  but  infrequently  employed.  Hunter, 
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in  one  of  his  papers  concluded,  "If  the  substance  does 
not  actually  prove  of  importance  from  a  clinical  point 
of  view  it  is  at  least  interesting  as  a  pathological 
finding  and  may  in  time  prove  to  be  an  exaggeration  of 
some  normal  physiological  process”. 

Work  done  on  Urochromogen  in  this  Laboratory 

Work  in  this  laboratory  has  hitherto  contributed 
very  little  to  our  knowledge  on  the  nature  of  urochromogen. 
McKerns  (29)  tried  lead,  mercury  and  silver  precipitation 
methods  on  pathological  urines  but  he  obtained  material 
which  proved  to  be  too  unstable  to  conduct  further 
investigation.  Young  (48)  worked  with  lead  fractions 
which  he  obtained  from  tuberculous  urines  in  the  pH  range 
7  to  9.  By  precipitating  these  fractions  with  phospho- 
tungstic  acid  he  was  able  to  separate  urochromogen  from 
Type  A  diazo  giving  substances  but  the  freed  filtrate 
was  still  very  complex  and  unstable.  The  greater  part  of 
the  permanganate  reducing  material  did  not  occur  in  this 
fraction.  Therefore  Weiss’  claim  (41)  that  urochromogen 
was  responsible  for  the  reduction  of  permanganate  is  not 
confirmed. 

Young  then  developed  a  chromatographic  adsorption 
procedure  which  he  used  on  the  phosphotungstic  acid  freed 
precipitates  and  was  able  to  obtain  relatively  simple 
solutions  of  urochromogen.  Considerable  amounts  of  alumina 
introduced  into  the  filtrates  from  the  adsorbent,  however, 
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complicated  all  further  purification  procedures. 

( 

SCOPE  OF  THE  WORK 

The  prime  consideration  in  this  study  was  to  develop 
a  method  by  which  urochromogen  could  be  isolated  in 
crystalline  form.  Two  very  recent  analytical  methods 
have  been  adapted  to  this  purpose.  They  are  paper 
partition  chromatography  and  ion  exchange,  both  of  which 
were  used  on  untreated  and  lead  fractionated  tuberculous 
and  measles  urines. 
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METHODS 

The  development  of  paper  chromatography  by  Consden, 
Gordon  and  Martin  (4)  opened  a  new  approach  to  the 
problem  of  resolving  and  detecting  substances  in  a 
complex  biological  mixture.  In  this  laboratory  the 
technique  has  been  applied  to  the  qualitative  analysis 
of  pathological  urines. 

-In  its  simplest  form  the  method  consists  of 
dipping  the  upper  edge  of  a  strip  or  sheet  of  filter  paper 
into  a  reservoir  of  an  organic  solvent  saturated  with 
water  and  allowing  the  liquid  to  flow  down  over  the  paper 
which  hangs  suspended  from  the  reservoir  and  the  lower  end 
free.  The  whole  system  is  suspended  in  an  air  tight 
chamber  saturated  with  the  same  solvent  so  that  there  is 
no  loss  of  solvent  from  the  filter  paper  by  evaporation. 
Separation  takes  place  owing  to  the  different  relative 
solubilities  (partition  coefficients)  (4)  (5)  (31)  of  each 
constituent  between  the  water  which  is  held  in  the  cellulose 
fibers  of  the  filter  paper  and  the  solvent,  not  miscible 
with  water.  As  the  solvent  creeps  slowly  along  the  filter 
paper  past  the  spot  which  contains  the  biological  mixture 
the  substances  are  drawn  along  at  definite  speeds  behind 
the  solvent  and  thus  arrange  themselves  in  a  characteristic 
order.  After  visible  development  of  a  characteristic 
color  by  a  specific  reagent  each  substance  can  be  identified. 
If  the  color  reaction  for  a  group  of  substances  happens  to 
be  the  same,  each  can  then  be  identified  by  the  distance 
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it  travels  as  a  fraction  of  the  distance  travelled  by 

the  solvent;  or  by  its  Rf  value.  Under  constant 

conditions  of  temperature ,  etc.  (4)  each  substance  has 

a  constant  Rf  value ,  ie , 

Distance  travelled  by  solute 

Rf  =  — - - - - — - - —  (4)  (31) 

Distance  travelled  by  solvent 

In  the  course  of  this  study,  both  the  one  -  and 
the  two  -  dimensional  chromatography  methods  were  used. 

The  apparatus  which  served  best  for  both  methods 
was  a  large  wooden  cabinet  (8  in.  by  30  in.  by  30  in.) 
constructed  from  5/8  in.  plyboard.  To  prevent  absorption 
of  solvent  by  the  wood  the  inside  of  the  cabinet  was 
coated  with  a  heavy  layer  of  good  grade  paraffin.  For 
trial  experiments  with  new  solvents  a  large  battery  jar, 
21  cm.  by  45  cm. ,  was  used  instead  of  the  large  wooden 
chamber. 

For  one  -  dimensional  studies  strips  (1.5  cm.  by 

45  cm.)  of  Whatman  No. I  filter  paper  were  used.  Using 

a  micro  pipette  with  a  very  fine  curved  point,  the  urine 

was  placed  on  the  middle  of  a  light  pencil  line  drawn 

7  cm.  from  the  end  which  was  to  be  dipped  into  the 

solvent.  Several  applications  were  made  and  left  to  dry 

o 

over  a  hot  plate  (80  0),  so  that  the  urine  was  confined 

to  as  small  an  area  as  possible.  The  strips  were  then 
suspended  from  the  reservoir  in  the  chamber  and  the 
solvent  allowed  to  creep  to  the  free  end  of  the  strip 
which  is  about  35  cm.  past  the  urine  spot.  This  took 
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between  16  and  24  hours  depending  on  the  solvent.  The 
strips  were  then  removed,  dried  for  20  -  30  minutes  and 
sprayed  with  a  suitable  reagent  or  combination  of  reagents. 

The  two-dimensional  method  required  two  wooden 

cabinets,  one  for  each  of  the  two  solvent  systems.  This 

method  was  more  tedious  but  the  separations  were  much 

more  distinct.  The  urine  was  dried  in  the  same  manner 

7  cm.  from  one  corner  of  a  large  rectangle  of  Whatman  No.  1 

filter  paper  (22  in.  by  18  in.).  An  entire  edge  of  the 

paper  was  then  dipped  into  the  first  solvent.  Each 

cabinet  could  take  two  rectangles  at  a  time.  In  15  -  24 

hours  the  urine  constituents  were  drawn  out  into  a  row 

of  spots  exactly  as  in  the  one-dimentional  method.  The 

o 

paper  was  then  dried  and  turned  through  90  ,  and  the 
other  edge  adjacent  to  the  spot  of  urine  was  dipped  into 
the  second  solvent  contained  by  the  other  wooden  chamber. 
This  now  moved  the  urinary  constituents  in  a  direction  at 
right  angles  to  the  first. 

In  order  to  obtain  experience  and  thus  the  assurance 
of  reproducible  results  by  the  method  in  this  laboratory 
the  Rf  values  of  several  amino  acids  were  determined. 

The  one- dimensional  technique  was  used.  Water- saturated 
n-butanol  was  used  for  the  first  group  of  experiments 
and  phenol-water  for  the  second  group.  Table  I  compares 
the  Rf  values  obtained  with  those  obtained  by  other 
workers  (4)  (33)  (44).  The  values  were  found  to  agree 
very  closely. 
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EXPERIMENTAL 


Specimens  of  urine  from  tuberculous  and  measles 
patients  were  tested  for  the  Type  B  diazo  reaction.  Those 
found  positive  were  acidified  w ith  glacial  acetic  acid 
ito  pH  4-5), treated  with  nitrogen  gas  and  stored  in  the 
refrigerator.  The  effectivenss  of  storing  the  urine  in 
this  manner  was  demonstrated  by  dividing  a  strongly 
positive  specimen  into  two  parts;  one  was  treated  in  the 
above  manner  and  the  other  merely  kept  in  the  refrigerator. 
A  one-dimensional  chromatogram  on  each  part  every  two 
wee ks  revealed  that  the  untreated  urine  began  to  show 
a  fainter  Type  B  diazo  reaction  in  less  than  one  month, 
and  in  seven  months  the  untreated  urine  decomposed  com¬ 
pletely,  while  in  the  treated  urine  the  diazo  reaction 
was  still  appreciable  after  six  months.  At  the  end  of  the 
ninth  month  about  one-third  of  the  urochromogen  still 
remained. 

Positive  urines  were  very  difficult  to  obtain. 
Tuberculous  patients  treated  “ith  streptomycin  all  gave 
negative  tests  and  only  a  very  small  percentage  of  the 
non-treated  cases  gave  diazo  positive  urines.  Positive 
measles  urines  were  even  more  difficult  to  obtain  because 
nearly  all  of  the  cases  are  treated  in  the  home.  Most 
of  the  cases  which  were  admitted  to  the  hospital  were 
already  in  the  post-febrile  condition  so  the  urines  were 
negative . 
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One- dimensional  Chromatography  of  Type  B  diazo  Positive  Urines 

Fifty  micro  liters  of  urine  was  dried  on  each  paper 
strip.  It  was  found  that  quantities  up  to  100  pis.  could  be 
used  before  the  TRf  value  of  urochromogen  was  affected. 

However,  beyond  that  concentration  a  good  separation  of 
substances  could  not  be  achieved. 

Of  all  the  various  solvent  systems  tried  n-butanol 
saturated  with  water  proved  to  be  the  best.  Some  of  the 
other  solvents  produced  a  better  separation  of  the  urine 
compounds  but  some  destruction  of  urochromogen  was  observed, 
also  the  urochromogen  band  was  not  usually  clear  and 
compact. 

Table  II  lists  some  of  the  solvent  systems  tried 
including  their  advantages  and  disadvantages. 
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TABLE  II 

Solvent  systems  tried  for  paper 
Chromatography  of  pathological  urines 


SOLVENT  SYSTEM 

Rf 

Value 

REMARKS 

1  vol.  2:4  -lutidine 

1  vol.  2: 4: 6-collidine 

2  vol.  water 

4  drops  NH4OH  dropped 
inside  of  box. 

0.58 

Very  slow  solvent. 

Couples  with  Koessler  and  Hanke 
diazo  to  give  a  dark  yellow  back¬ 
ground  which  masks  many  constitu¬ 
ents  of  urine  including  urochrom- 
ogen.  Very  difficult  to  evapor¬ 
ate  the  solvent  off  the  paper. 

4  vol.  n-butanol 

1  vol.  diethylene  glycol 

1  vol.  water  (38). 

Very  slow  solvent. 

Urochromogen  destroyed. 

n-butanol  acetic 
acid  mixture. 

4  vol.  n-butanol 

1  vol.  glacial  acetic 

5  vol*  water. 

0.47 

Fast  solvent. 

Very  broad  bands  therefore 
considerable  overlapping  and 
poor  separation. 

phenol  -  water 

0.66 

Cood  resolving  properties. 
Couples  with  Koessler  and  Hanke 
diazo  reagent  to  produce 
intense  yellow  color. 

iso- but anol -wat  er 

0.17 

Fast  solvent. 

Very  broad  bands. 

77%  Ethanol 

Fast  solvent. 

Good  resolving  properties. 

Bands  are  too  diffuse. 

90%  Ethanol 

Good  for  simple  mixtures. 

Fast.  Too  much  overlapping. 

n-butanol-water 

0.11 

Very  good  solvent. 

Bands  compact. 

2  vol.  water 

3  vol.  n-butanol 

3  vol.  n-propanol 

0.29 

Very  good  resolving  mixture. 
Bands  clear  and  compact. 

Used  with  n-butanol  water 
in  two-dimensional  studies. 
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To  spot  urochromogen  the  paper  strips  were  sprayed 
with  a  mixture  of  4  ml.  of  the  standard  Koessler  and  Hanke 
diazo  reagent  (27)  and  10  ml.  of  1.1  per  cent  sodium 
carbonate.  This  diazo  mixture  was  used  throughout  the 
course  of  this  work.  In  every  case  the  urochromogen 
produced  a  pink  band  at  an  Rf  of  0.11.  On  paper  the  color 
was  stable  for  about  6  hours. 

The  irrigated  strips  when  allowed  to  lie  exposed 
to  the  air  for  a  month  developed  a  yellow  band  in  the 
urochromogen  position.  Spraying  with  the  diazo  reagent  at 
this  time  revealed  that  approximately  two-thirds  of  the 
urochromogen  color  had  disappeared.  This  would  seem  to 
indicate  that  the  urochromogen  had  slowly  changed,  probably 
by  oxidation  as  indicated  below  to  a  substance  which  does 
not  give  the  typical  urochromogen  color  with  the  diazo 
reagent.  Several  strips  were  placed  in  nitrogen  gas  in  a 
tightly  closed  container  and  stored  in  the  refrigerator. 
After  eleven  months  there  was  no  deterioration  of  uro¬ 
chromogen  and  it  is  possible  that  urochromogen  can  be 
stored  indefinitely  under  these  conditions. 

In  an  attempt  to  determine  the  effectiveness  of 
the  one-dimensional  method  in  separating  the  urochromogen 
from  the  other  constituents  of  urine  the  strips  were 
sprayed  with  various  reagents  and  combinations  of  reagents 
specific  for  substances  commonly  found  in  urine.  These 
are  indicated  in  Table  ill. 
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TABLE  III 

Tests  used  on  chromatograms  for 
spotting  substances  other  than  urochromogen. 


SUBSTANCE 

TEST 

Creatinine 

Strips  sprayed  first  with  2N  NaOH  then 
with  saturated  picric  acid.  In  five 
to  ten  minutes  an  orange  -  red  band 
appeared  (30). 

Sulfate 

Phosphate 

Dipped  in  10  per  cent  lead  acetate, 
washed  thoroughly  and  exposed  to  hydrogen 
sulfide  gas.  Dark  brown  bands  indicated 
sulfate  and/or  phosphate. 

Chloride 

Dipped  in  0.1N  AgN03  -  EN03;  washed 
thoroughly  and  exposed  to  light.  Grey 
to  black  band  in  6  hours. 

Uric  Acid 

A)  Dipped  in  1$.  Ag(NH3)2N03.  A  black 
band  appears  immediately. 

B)  Sprayed  with  uric  acid  reagent  then 
with  urea-cyanide  (caution).  Clear 
blue  color  developed  in  5  to  10  mins. 

(12). 

Urochromogen 

Tyrosine 

Histidine 

Urea 

Chromatograms  smeared  with  solid  diazo- 
tised  sulfanilic  acid  (Paulyfe  reagent)  (25) 
then  sprayed  with  1.1%  sodium  carbonate. 
Urochromogen  =  bright  flash  of  red. 

Tyrosine  =  chocolate  brown. 

Histidine  =  brick  red. 

Urea  =  bright  yellow. 

Many  other  unknown  colored  bands. 
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The  results  sho wed  that  urochromogen  was  separated 
from  most  of  the  urinary  compounds,.  There  were  many 
substances  in  the  area  where  the  urine  was  originally 
applied  which  the  butanol-water  solvent  had  not  moved  at 
all  and  from  which  the  urochromogen  was  completely  removed. 
Some  constituents,  e.g.,  urea  and  creatinine,  were  moved 
far  beyond  the  urochromogen  area.  Many  other  unknown 
substances  which  appeared  as  colored  bands  with  various 
reagents  were  also  well  separated  from  urochromogen. 

Uric  acid  and  chloride,  however,  were  incompletely 
separated.  There  were  other  urinary  compounds  which 
overlapped  the  urochromogen  area  but  they  were  few  in 
number. 

The  following  photographs  of  the  various  chromato¬ 
grams  show  the  position  of  the  urochromogen  band  in 
relation  to  some  of  the  other  compounds  of  urine. 
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A  B 


A  -  Urochromogen. 

B  -  Urea  at  Hf  0.29. 


A  -  Urochromogen  at  Hf  0.11. 

B  -  Uric  acid  above  urochrom¬ 
ogen,  almost  completely 
separated.  (Urea-cyanide 
method) .  There  is  a  light 
blue  band  at  Rf  0.11. 

NOTE:  Parallel  pencil  lines 
lying  close  together  mark 
boundaries  of  urochromogen 
band. 


A  -  Urochromogen. 

B  -  Ninhydrin  positive 

material  which  is  not 
completely  separated  from 
urochromogen.  Urochrom¬ 
ogen  itself  is  not 
ninhydrin  positive  as  was 
demonstrated  with  other 
solvent  mixtures. 
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A  -  Substances  which 

reduce  ammonical  silver 
nitrate.  Most  are  well 
separated  from 
urochromogen. 

B  -  Ninhydrin  positive 
material.  Some  in 
urochromogen  area. 
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A  -  Urochromogen. 

B  -  Pauly's  solid  diazo 
reagent  (25). 

Histidine  and  tyrosine 
both  at  Rf  0.00.  In 
pure  solution  Sf  for 
histidine  is  0.06,  for 
tyrosine  it  is  0.28. 

Many  unknown  bands 
revealed  by  this  reagent. 

A  B 

Several  qualitative  tests  (page  34)  were  attempted 
on  the  urochromogen  as  it  appeared  on  the  paper  strips  to 
determine  the  nature  of  the  substance.  It  was  very 
difficult  to  adapt  the  tests  to  the  paper  and  the  quanti¬ 
ties  of  urochromogen  were  so  small  and  the  results  so 
uncertain  that  this  approach  was  discontinued.  It  was 
then  decided  to  remove  the  urochromogen  from  the  filter 
paper  and  the  compound  was  brought  into  solution.  This 
was  the  ’’chromatogram  fraction”. 

To  obtain  working  quantities  of  the  chromatogram 
fraction,  chromatography  was  performed  on  a  mass  scale. 

A  series  of  28  spots  of  urine,  1.5  cm.  apart,  was  dried 
on  a  large  square  of  paper  (18  in.  by  22  in.).  Each  spot 
represented  0.07  ml.  of  urine  so  that  each  sheet  of  paper 
could  fractionate  approximately  2  ml.  of  urine. 
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After  irrigation  and  drying  the  urochromogen  bands 
at  Rf  0.11  were  cut  off  each  large  sheet  in  the  form  of  a 
long  strip.  Five  such  strips,  representing  about  10  ml. 
of  urine  were  pulped  at  one  time  and  eluted.  Of  the  three 
solvents , -777°  ethanol,  water-saturated  butanol,  and  water- 
that  were  tried  it  was  found  that  water  eluted  the  uro¬ 
chromogen  most  completely.  Consequently  the  pulp  was 
soaked  for  20  minutes  in  10  ml.  of  water  and  then  the 
liquid  with  the  urochromogen  was  squeezed  out. 

The  clear  light  yellow  fluid,  pH  5.0  to  j?.l,  gave 
a  very  clear  bright  red  Type  B  diazo  reaction.  Under 
mercury  light  it  produced  a  light  green  flourescence. 

Two  ml.  portions  of  the  fluid  were  subjected  to 
several  qualitative  tests,  the  results  of  which  are 
listed  in  Table  IV. 
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TABLE  IV 

Qualitative  tests  on  the 
Chromatogram  fraction  of  pathological  urines. 


TEST 

RESULT 

Benedict' s 

neg. 

Mi 11 on' s 

neg. 

Sodium  nitroprusside 

neg. 

Lead  blackening 

for  loosely  combined  sulfur. 

neg. 

Bromine  decolonization 

neg. 

Xanthoproteic 

pos. 

G-lyoxylic 

pos. 

Knoops 

pos. 

Chloride 

trace 

Ninhydrin 

deep  blue 

Silver  ammonia  reduction 

rapid  blackening 

0.1N  Ca( 0C1 ) 2 

rapid  destruction 
of  urochromogen 
to  produce  intense 
yellow  color. 

FeCl3  (neutral  solution) 

intense  yellow 
orange  produced 
immediately. 
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No  definite  conclusions  can  be  made  as  to  the 
nature  of  urochromogen  on  the  basis  of  these  tests 
because,  although  it  is  believed  that  urochromogen  was 
the  most  predominant  substance  in  that  fraction  there 
may  have  been  a  considerable  amount  of  interference 
from  those  substances  incompletely  separated  from  the 
fraction. 

The  Potassium  Permanganate  Reaction 

0.2M  potassium  permanganate  was  added  to  several 
Type  B  diazo  positive  urines  (pH  5.0  -  6.0).  Although, 
on  the  average,  1.5  drops  of  the  permanganate  were 
decolorized  per  1  ml.  of  each  urine  no  intensification 
of  the  yellow  color  was  noted;  as  reported  by  Weiss  (40) 
(41).  A  chromatogram  on  each  urine  revealed  that  the 
urochromogen  was  destroyed  including  several  other  diazo 
positive  substances. 

The  same  experiment  on  the  chromatogram  fraction 
also  showed  destruction  of  urochromogen  with  no  apparent 
increase  in  intensity  of  the  yellow  color. 

Effects  of  Acids  and  Bases  on  Urochromogen 

Consden,  Gordon  and  Martin  (4)  report  that  acid 
vapors  present  in  the  chromatography  chamber  will  increase 
the  Kf  value  of  acid  substances  and  decrease  it  for  basic 
substances;  and  that  in  presence  of  basic  vapors  the 
phenomenon  is  reversed. 
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Table  V  is  a  summary  of  an  experiment  performed  on 
the  chromatogram  fraction.  Une  acid,  two  basic  and  two 
neutral  amino  acids  served  as  controls.  The  experiment 
indicates  that  the  urochromogen  is  acidic  in  nature. 

This  observation  agrees  with  the  findings  of  Weiss  (41) 
(42)  and  Young  (48). 


TABLE  V 


A  comparison  of  Hf  values  of  several  substances 
when  developed  with  same  solvent  but  at  different  pH 
conditions  of  atmosphere. 


Substance 

studied 

butanoi- 

water 

neutral 

butanol- 

water 

nh3 

vapors 

butanol - 
water 
HOI 

vapors 

butanol- 

water 

glacial  acetic 
vapors 

Urochromogen 

0.11 

0.01 

0.20 

0.42 

Lysine 

0.01 

0.04 

0.00 

0.01 

Arginine 

0.02 

0.05 

0.01 

0.01 

Alanine 

0.04 

0.04 

0.04 

0.08 

Norleucine 

0.44 

0.35 

0.40 

0.53 

Glutamic  Acid 

0.01 

0.00 

0.00 

0.09 
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Cataphoresis  of  the  Chromatogram  Fraction 

A  quantity  of  the  chromatogram  fraction  was  placed 
in  a  small  U  tube  and  a  current  of  6  volts  D.C.  applied 
through  platinum  electrodes  for  7  hours.  After  this 
time  the  intensity  of  the  diazo  reaction  at  the  anode 
was  more  than  double  that  at  the  cathode;  however,  the 
average  intensity  for  the  whole  tube  had  diminished 
slightly.  There  was  a  heavy  gelatinous  yellow  colored 
precipitate  in  the  cathode  section.  The  pH  at  the  anode 
was  11  which  would  account  for  loss  of  urochromogen. 

The  heavy  gelatinous  precipitate  obtained  in  this  experi¬ 
ment  demonstrated  that  the  chromatogram  fraction  was 
still  quite  complex. 
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ION-EXCHANGE 


Ion-exchange  can  he  defined  simply  as  a  reversible 
interchange  of  ions  between  the  liquid  phase  and  a  solid, 
involving  no  radical  change  in  the  structure  of  the  solid. 

Depending  upon  the  ionic  charge  of  the  exchanging 
ions,  the  process  may  be  cation  exchange  or  anion  exchange. 
In  cation  exchangers,  the  displaceable  ion  is  hydrogen 
and  may  be  provided  by  any  of  the  following  groups: 

-S03H,  -COOH,  -OH,  or  -SH. 

The  exchange  properties  of  anion  exchangers  may  be  due  to 
such  basic  nitrogen  groups  as: 

-NHg,  -NHR,  or  -NRg. 

The  fundamental  ion-exchange  reactions  are  few 
and  simple.  Cation  exchange  is  usually  carried  out 
according  to  a  cycle  in  which  all  metallic  or  organic 
cations  in  solution  are  replaced  by  hydrogen  ions  provided 
by  an  acid  regenerated  cation  exchanger: 

Ca++  +  2HR*  =  CaR2  +  2H+. 

Anion  exchangers,  usually  regenerated  by  NaOH,  may  be  used 
to  carry  out  anion  exchange  reactions  of  the  type: 

®H3+  QH~  +  Cl”  =  RNH3+  Cl”  +  oh”. 

Most  of  the  ion-exchange  materials  used  at  present 
are  synthetic  organic  products.  The  cation  exchangers 
are  usually  polyphenolformaldehyde  resins  with  sulfonic 
acid  groups  and  the  anion  exchangers  generally  are  poly- 
*The  solid  exchange  material. 
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alkylene  polyainine  condensates. 

A  comprehensive  review  of  the  principles  and  practice 
of  ion-exchange  is  given  by  Naciiod  (31). 

The  two  ion-exchange  products  mainly  used  for  this 
work  were  Nalcite  HCR  (cation  exchanger;  and  Nalcite  SAR 
(anion  exchanger).  Roth  of  these  synthetic  materials  were 
obtained  from  Alchem  Ltd.,  Burlington,  Ontario. 

Figure  I  illustrates  an  appartus  constructed  for 
this  work.  The  main  advantage  of  such  an  apparatus  is 
that  all  the  processes  involved  can  be  carried  out 
continuously  with  no  loss  of  time.  Also  the  various 
two-way  stop  cocks  and  air  outlets  can  be  adjusted  to 
permit  a  smooth  flow  of  liquid.  Oolumns  of  various  sizes 
can  be  very  rapidly  removed  and  replaced  when  repacking 
or  change  of  material  is  necessary. 
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To  pack  the  columns  the  ion-exchange  material  was 
soaked  overnight  in  water  and  then  a  measured  volume  of 
the  material  was  poured  into  the  column  in  form  of  a 
slurry.  Extreme  caution  was  taken  not  to  allow  any  air 
to  enter;  otherwise,  the  column  had  to  be  repacked.  Just 
before  use  each  column  of  ion-exchanger  was  regenerated 
with  either  dilute  acid  or  base.  This  process  replenishes 
the  exchange  material  with  hydrogen  or  hydroxyl  groups. 

The  material  was  then  thoroughly  washed  with  double 
distilled  water.  When  base  was  used  as  the  regenerant 
the  column  was  washed  until  3  'ml.  or  less  of  N/j?0  HCL 
was  sufficient  to  neutralize  100  ml.  of  the  effluent; 
methyl  orange  being  the  indicator.  When  acid  was  used 
the  column  was  washed  till  3  ml.  or  less  of  N/30  sodium 
carbonate  was  sufficient  to  neutralize  100  ml.  of  the 
effluent,  using  the  same  indicator. 

Lead  Fractionation 

Work  in  this  laboratory  129)  (48)  has  established 
that  urochromogen  is  precipitated  by  le  ad  acetate  in 
the  pH  range  6.8  to  9. CL  Lead  fractions  of  urine  in  this 
pH  range  were  obtained  as  follows: 

To  determine  the  amount  of  lead  for  complete 
precipitation  2  ml.  aliquot  portions  of  the  urine  to  be 
fractionated  were  used  and  increasing  amounts  of  40“/o  lead 
acetate  added  to  each.  A  definite  excess  of  concentrated 
ammonium  hydroxide  was  then  added  to  each.  The  tubes  were 
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mixed  and  then  centrifuged  and  to  a  few  drops  of  the 
supernatant  from  each,  3H  sulfuric  acid  was  added.  A 
precipitate  of  lead  sulfate  would  show  an  excess  of  lead, 
and  so  the  amount  of  407®  lead  acetate  to  be  added  to  the 
main  urine  could  be  determined  precisely.  This  amount 
was  then  added  to  the  urine  and  the  pH  adjusted  to  near 
3.0.  The  precipitate  which  formed  was  the  acid  lead 
fraction  containing  chiefly  lead  salts  of  phosphate, 
sulfate,  chloride,  carbonate,  and  various  organic  sub¬ 
stances,  such  as  uric  acid  and  urinary  pigments.  This 
precipitate  was  separated  and  discarded. 

To  the  filtrate,  2.3H  potassium  hydroxide  was  added 
to  raise  the  pH  to  about  9*0.  This  precipitate  (basic 
lead  fraction  or  the  urochromogen  fraction)  was  separated 
from  the  yellow  liquid  which  is  the  iminazole  fraction. 

It  was  then  suspended  in  water  and  treated  with  hydrogen 
sulfide.  The  lead  sulfide  was  removed,  and  the  hydrogen 
sulfide  removed  from  the  filtrate  with  carbon  dioxide. 

The  filtrate  at  this  point  is  still  very  complex 
(29)  (48),  despite  the  fact  that  many  of  the  urinary 
constituents  had  been  removed. 

Cation  exchange  of  Basic  Lead  Tractions 

Though  hydrogen  sulfide  was  a  convenient  method  of 
freeing  the  lead  from  the  basic  lead  fraction,  other 
methods  were  tried,  it  was  hoped  that  cation  exchange 
would  remove  the  lead  and  possibly  some  other  undesirable 
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constituents  of  the  fraction.  The  basic  lead  acetate 
precipitate  was  dissolved  in  5  per  cent  acetic  acid  and 
aliquots  of  the  resulting  liquid  (pH  of  3.9)  were  used  for 
cation  exchange  work. 

A  column,  9  mm.  by  200  mm.  ,  was  packed  with  exactly 
10  ml.  of  the  water  -  soaked  cation  exchange  material, 
Nalcite  HCR,  mesh  size  range  40-60,  and  regenerated  for 
30  minutes  with  50  ml.  10%  hydrochloric  acid.  After  wash¬ 
ing,  10  ml.  of  the  above  liquid  was  percolated  through 
the  column  at  the  rate  of  0.5  ml.  per  minute.  Four  and 
one-half  ml.  of  clear  fluid  was  collected  under  the 
column  before  any  of  the  urine  material  came  through. 

This  material,  merely  displaced  water  from  the  column, 
was  discarded  and  a  subsequent  10  ml.  portion  containing 
the  urine  material  was  collected.  It  was  light  yellow  and 
absolutely  free  of  lead.  The  urochromogen  and  most  of 
the  urinary  pigment  were  also  removed.  The  lead  was 
very  strongly  adsorbed  and  the  only  material  that  could 
remove  it  was  5N  nitric  acid  percolated  through  the 
column  at  15  ml.  per  hour  for  two  hours.  An  attempt  was 
made  to  elute  preferentially  the  adsorbed  urochromogen 
with  5%  acetic  acid;  however,  ho  urochromogen  came  through. 
Elution  was  also  attempted  with  10%  acetic  acid,  glacial 
acetic  acid,  70%  ethanol  and  80%  methanol.  A  chromato¬ 
gram  on  each  effluent  revealed  that  no  urochromogen  was 
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A  similar  experiment  was  conducted  on  a  basic  lead 
fraction  from  which  the  lead  was  first  removed  with 
hydrogen  sulfide.  As  before  the  urochromogen  could  not 
be  eluted  with  any  of  the  reagents  already  tried. 

Elution  was  attempted  with  0.2N  sodium  hydroxide.  Even 
after  enough  base  was  added  to  neutralize  the  column 
completely,  no  urochromogen  was  eluted. 

Another  cation-exchange  product,  Zeo  Karb 
(Permutit  Go.,  New  York)  was  tried,  it,  also,  adsorbed 
the  urochromogen  so  strongly  that  it  could  not  be  eluted. 

No  explanation  can  be  offered  why  the  urochromogen 
is  so  tenaciously  held  by  the  above  cation  exchange 
products.  The  experiments,  nevertheless,  suggest  that 
urochromogen  is  cationic  in  acid  solutions. 

Anion  Exchange 

Several  preliminary  experiments  with  a  10  ml. 
column  of  the  anion-exchange  material,  Nalcite  SAR,  re¬ 
vealed  that  it  adsorbed  urochromogen  from  a  basic  medium 
and  that  the  urochromogen  could  be  very  easily  eluted 
with  10%  acetic  acid. 

This  experiment  was  repeated  seveiral  more  times 
with  a  larger  (.50  ml.)  column  of  Nalcite  SAR.  After 
consistent  results  could  be  obtained  a  somewhat  regular 
anion-exchange  procedure  was  developed  which  was  used 
for  fractionating  urochromogen-posi tive  urines. 
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Two  pyrex  glass  columns,  one,  1.5  cm.  by  37  cm.,  and 
the  other,  2.5  cm.  by  37  cm.,  were  set  up  as  shown  in  Figure 
I.  The  smaller  one  was  packed  with  50  ml.  of  water-soaked 
Nalcite  SAR,  mesh  size  range  40-50,  and  the  other  one  with 
150  ml.  of  the  same  material  to  the  same  height. 

The  smaller  column  was  regenerated  for  45  minutes 
with  250  ml.  of  0.75N  NaOH  and  the  larger  column  also  for 
45  minutes  but  with  750  ml.  of  the  same  base. 

To  wash  the  small  column  to  the  required  end-point 
it  was  necessary  to  pass  1.7  liters  of  water  through  it 
for  a  period  of  75  minutes.  To  wash  the  large  column  to 
the  same  end  point  and  for  an  equal  period  of  time  3.4 
liters  of  water  was  necessary. 

Just  before  treatment  each  diazo  positive  urine  was 
brought  to  a  pH  of  3.7  with  glacial  acetic  acid  and  a 
150  ml.  aliquot,  followed  by  distilled  water,  was  allowed 
to  percolate  through  the  large  column  at  3  ml.  per  minute. 

At  faster  rates  the  chloride  was  incompletely  removed. 

With  more  concentrated  urines  some  chloride  went  through 
despite  the  slower  rate.  At  the  beginning  of  the  exchange 
procedure  the  material  collected  under  the  column  was  water 
which  was  being  displaced  by  the  urine.  The  quantity  of 
this  fluid  was  about  100  ml.  The  liquid  which  followed 
was  urinary  material  which  was  however,  only  very  slightly 
yellow.  It  was  basic  and  urochromogen  negative.  Eventually 
a  yellow,  concentrated,  acid  fluid  began  to  come  through. 


.  . 


. 


, 


.  . 


•» 


ft  r;i 


■■  X 


•  c 


■  /  r. 


'•  ' 


r- 

‘  j  -  '  '  .  ■ ; 

'  ..  I  '  ..  ’  '' 

'  -  IK  : 

. 

_  r- 


-  46  - 


This  fluid  contained  the  urochrooiogen.  unly  105  ml.  of  it 
was  collected  because  the  remainder  was  diluted  by  the 
water  which  followed  the  150  ml.  aliquot  of  urine  and  was 
therefore  too  dilute  to  be  of  any  value.  This  material 
was  sulfate  and  phosphate  free  with  usually  only  a  trace 
of  chloride,  its  pH  range  was  between  4  and  5  and  it  always 
gave  a  strong  Type  a  diazo  reaction. 

The  acid  effluent  Which  contained  the  urochromogen 
was  then  adjusted  to  a  pH  of  7  and  percolated  through  the 
50  ml.  column  at  2  ml.  per  minute.  The  first  50  ml.  of 
fluid  was  water  and  the  material  that  followed  was  light 
yellow  which  indicated  that  some  of  the  urine  pigment  was 
going  through.  This  effluent  was  urochromogen  negative 
because  all  the  urochromogen  was  adsorbed  at  the  top  of 
the  column  as  a  green  band.  This  fluid  was  also  chloride 
positive  which  meant  that  chloride  was  not  adsorbed  with 
the  urochromogen  but  that  it  was  passing  through  the 
column. 

After  the  total  aliquot  of  urine  had  passed  through, 
the  column  was  ?/ashed  with  20  ml.  of  water,  which  was 
slightly  on  the  alkaline  side.  This  washed  all  the 
chloride  and  other  urine  material  from  the  absorbed  band 
of  urochromogen.  Finally  lOy.  acetic  acid  was  allowed  to 
flow  through  the  column  at  the  very  slow  rate  of  1  ml. 
per  minute.  The  wide  green  band  of  urochromogen  came 
down  very  slowly  with  the  acetic  acid  and  was  caught  in 
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the  effluent  at  the  bottom  of  the  column.  Columns  of 
Nalcite  SAE  that  had  been  used  through  many  cycles 
developed  an  orange-brown  color  so  that  it  was  very  diffi¬ 
cult  to  observe  when  the  green  band  of  urochromogen 
reached  the  bottom  of  the  column.  However,  as  soon  as 
the  effluent  became  acid  urochromogen  began  to  come 
through. 

Fifty  ml.  of  this  material  (pH  4.2)  was  collected. 
It  was  chloride,  sulfate,  and  phosphate  free.  An  aliquot 
of  it,  adjusted  to  a  pH  of  7.0  turned  dark  green  and  gave 
a  very  strong  Type  B  diazo  reaction.  The  remainder  of 
this  material  was  brought  to  a  pH  of  5.0  and  fractionated 
with  lead  acetate. 

It  was  found  that  10  drops  of  40  %  lead  acetate  per 
25  ml.  of  the  fluid  was  sufficient.  No  precipitate  came 
down  at  a  pH  of  5.0  therefore  the  ion-exchange  treatment 
had  completely  removed  the  acid  lead  fraction  which 
consists  of  phosphates,  sulfates,  chlorides,  carbonates, 
uric  acid,  etc.  The  solution  was  then  adjusted  to  a  pH 
of  8.5  and  the  copious  yellow-green  precipitate  was 
washed,  suspended  in  10  ml.  of  water,  freed  with  hydrogen 
sulfide  and  the  hydrogen  sulfide  was  removed  with  carbon 
dioxide.  The  final  yellow  solution  gave  a  very  strong 
urochromogen  test.  However,  the  intense  red  color  did 
not  disappear  immediately  upon  mixing  the  contents  of 
the  test  tube  as  it  usually  does  in  the  Type  B  diazo 
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reaction  but  it  persisted  for  about  43  seconds  before  it 
disappeared.  This  was  possibly  due  to  the  higher  con¬ 
centration  and  the  greater  purity  of  the  urochromogen, 
or  perhaps  to  the  presence  of  another  substance  v/hich 
had  been  concentrated  by  the  ion-exchange  and  lead 
fractionation  procedures. 

Duplicate  two-dimensional  chromatograms  were 
developed  on  samples  of  solution  from  different  stages 
of  the  ion-exchange  and  lead  fractionation  procedures 
to  determine  the  effectiveness  of  these  methods  in 
separating  urochromogen  from  the  other  urinary  consti¬ 
tuents;  also  to  determine  the  complexity  of  the  final 
filtrate.  N-Butanol-water  was  used  as  one  solvent  and  a 
mixture  of  n-butanol ,  n-propanol  and  water  (page  26)  as 
the  second  solvent.  Chromatograms  were  developed  on  the 
following  samples: 

(1)  Original  urine 

(2)  Urochromogen  band  collected  from  j?0  ml.  column 

(3)  Final  basic  lead  filtrate 

(4)  Iminazole  fraction 

Une  sheet  of  each  sample  was  sprayed  with  the 
Koessler  and  Hanke  diazo  reagent  and  the  other  with  a 
0.2fo  solution  of  ninhydrin  in  butanol.  A  comparison  of 
results  is  given  by  the  diagrams  following: 
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Butanol-propanol 


(1)  Original  Urine. 
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A  large  number  of  unknown 
substances  fairly  well 
separated. 

U  =  Urochromogen  area. 


Many  unknown  diazo  positive 
substances.  U  =  Urochromogen. 
Y  -  couples  with  diazo  to 
give  a  stable  red  color. 


(2)  Urochromogen  material  collected  from  50  ml.  column. 


Many  of  the  substances 
had  been  removed. 


Urochromogen  and  substance 
Y  both  adsorbed  by  Nalcite 
SAR  from  a  basic  solution. 
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(3)  Final  basic  lead  filtrate. 


ninhydrin 


Very  few  ninhydrin  positive 
substances  left  in  the  final 
basic  lead  filtrate. 


(4)  Iminazole  fraction. 


Several  ninhydrin  positive 
substances  previously  noted 
and  which  are  not  precipitated 
by  basic  lead  acetate. 
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This  material  represents  the 
original  urine  15  times  conc¬ 
entrated.  At  this  concentr¬ 
ation  another  urochromogen 
characteristic  substance  X 
appeared  which  gave  a  pink 
diazo  color  stable  for  about 
six  hours. 


Basic  lead  acetate  did  not 
completely  precipitate  U  and 
Y.  This  has  been  observed 
in  several  other  fraction¬ 
ations. 
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The  diagrams  illustrate  that  the  ion-exchange 
procedure  in  conjunction  with  lead  fractionation  removed 
many  urinary  substances  from  the  urochromogen  fraction* 

The  much  stronger  Type  B  diazo  reaction  given  by  the 
final  basic  lead  filtrate  also,  showed  that  the  urochromogen 
had  been  concentrated  several  times  by  the  two  procedures. 
Judging  from  the  size  of  the  diazo  spots  substance  Y  ?;as 
present  in  about  the  same  concentration  as  urochromogen. 

It  coupled  with  the  diazo  reagent  to  give  a  stable  bright 
red  color  on  paper  in  contrast  to  the  color  of  urochromo¬ 
gen  which  was  pink  and  disappeared  in  6  hours*  How  much 
substance  Y  contributes  to  the  intensity  of  color  of  the 
Type  B  diazo  reaction  in  untreated  urines  is  uncertain* 
Substance  X,  which  was  observed  for  the  first  time,  was 
much  like  urochromogen  in  that  it  coupled  with  the  diazo 
reagent  to  give  a  pink  color  stable  for  about  6  hours* 

In  untreated  urines  it  is  probably  present  in  a  very  low 
concentration  therefore  its  contribution  to  the  iffpe  B 
diazo  reaction  is  perhaps  negligible.  Substance  Y  had 
been  observed  in  previous  experiments  when  solvents  other 
than  butanol-water  were  used. 
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CONCLUSIONS  AND  SUMMARY 

1.  By  one-dimensional  chromatography  using  butanol-water 
it  was  possible  to  separate  urochromogen  from  most  of 
the  urinary  constituents. 

2.  Although  urochromogen  was  possibly  the  most  predominant 
substance  in  the  "chromatogram  fraction”  the  latter 
was  still  too  impure  to  permit  analysis  for  the  purpose 
of  elucidating  the  nature  of  the  compound. 

Urochromogen  is  slowly  oxidized  by  atmospheric  oxygen 
to  produce  a  yellow  compound.  It  is  definitely 
destroyed  by  permanganate;  however,  no  yellow  colored 
product  or  products  are  produced  by  this  oxidative 
reaction. 

4.  By  using  the  anion-exchange  and  lead  fractionating 
procedures  it  was  possible  to  produce  concentrated 
and  relatively  simple  fractions  of  urochromogen. 

5.  Substances  Y  and  X  were  found  in  the  urochromogen 
fraction.  Substance  X  was  observed  for  the  first 
time  and  its  characteristics  resemble  urochromogen. 

It  is  possible  that  this  substance  appears  in 
untreated  urines  in  a  very  low  concentration  and 
therefore  does  not  contribute  to  the  color  of  the 
Type  B  diazo  reaction.  Substance  Y,  present  in  much 
higher  concentrations,  couples  to  produce  a  very 
distinct  stable  red  color,  it  enhances  the  Type  B 
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diazo  reaction  of  treated  urines  by  causing  the  red 
color  to  persist  for  about  45  seconds  instead  of  only 
a  few  seconds.  It  is  not  certain  v/hether  both  sub¬ 
stances  Y  and  A  are  always  present  with  urochromogen. 
Substance  Y  had  been  observed  to  be  present  with 
urochromogen  in  several  urines. 

6.  urochromogen  and  substance  Y  are  not  completely 
precipitated  by  basic  lead  acetate  while  substance  X 
is  completely  precipitated. 

7.  Due  to  the  fact  that  urochromogen  is  very  readily 
adsorbed  by  cation-exchangers  from  acid  solution 
and  by  anion-exchangers  from  basic  solutions  it  may 
follow  that  urochromogen  is  cationic  in  basic 
solutions  and  anionic  in  acid  solutions. 

8.  The  method  of  ion-exchange  as  an  approach  to  the 
problem  of  isolating  urochromogen  is  a  very  promising 
one.  urochromogen  can  be  concentrated  and  purified 
with  no  apparent  destruction  of  the  compound.  The 
fractions  obtained  are  much  simpler  than  any  reported 
in  the  literature. 

.Larger  columns  with  exchange  material  of  much 
smaller  mesh  size  and  slower  percolation  rates  may  be  the 
eventual  solution,  xhe  method  of  two- dimensional  chromato¬ 
graphy  is  a  valuable  aid  in  gauging  the  effectiveness  of 
different  fractionating  procedures. 
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ERGO THI ONE INE  IN  URINE 
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INTRODUCTION 

Several  workers  have  reported  the  presence  of 
ergothioneine  in  normal  urine.  Sullivan  and  Hess  (35) 
found  90  mg.  per  liter  of  "ergothioneine-like"  material 
in  normal  urine  and  noticed  that  with  different  diseases 
it  might  be  either  higher  or  lower,  being  high  in  both 
cancer  and  arthritis.  The  authors  stated  at  the  end  of 
their  paper  that  most  of  the  material  isolated  did  not 
seem  to  be  ergothioneine. 

Elizabeth  Work  (47)  demonstrated  the  presence  of 
ergothioneine  in  normal  urine  by  the  paper  partition 
chromatography  method  and  stated  that  the  level  of  ergo¬ 
thioneine  in  normal  urine  lies  between  130  and  300  mg. 
per  liter.  She  admits  that  her  technique  was  very  hastily 
developed  and  that  at  best  it  is  only  roughly  quantitative 
(+  50%) .  To  identify  the  ergothioneine  on  paper  she  relied 
mainly  on  the  Eolin  -  Marenzi  reagent  (13)  which  is  neither 
sensitive  nor  very  specific. 

Shortly  after,  Woolf  (46)  repeated  Work’s  procedure 
and  by  using  a  different  solvent  was  able  to  resolve  her 
ergothioneine  band  into  3  separate  bands,  each  of  which 
reacted  with  the  Eolin  -  Marenzi  reagent.  Besides  using 
a  different  solvent  Woolf  used  the  more  specific  Hunter  (23) 
color  reaction  to  detect  ergothioneine.  He  examined  a 
number  of  normal  urines  and  was  unable  to  detect  any 
ergothioneine  in  any  of  them,  although  he  states  that  a 
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concentration  of  5  mg.  per  liter  could  easily  have  been 
detected  by  his  method.  Woolf  does  not,  however,  state  how 
he  determined  the  sensitivity  of  his  test,  for  very  small 
quantities  of  ergothioneine  can  be  detected  in  pure 
solution  which  could  not  be  detected  when  mixed  with  urine. 

A  December  issue  (1948)  (37)  of  Time  Magazine  reports 
that  abnormal  amounts  of  ergothioneine  are  present  in  the 
urine  of  cancer  patients,  also  implying  that  ergothioneine 
is  present  in  normal  urine.  Their  statement  is  based  mainly 
on  the  information  received  from  Dr.  Gerrit  Toennies, 
Lankenau  Hospital  Research  Institute,  Girard  Avenue, 
Philadelphia,  Pennsylvania. 

It  thus  is  clear  that  the  investigations  to  date 
have  not  produced  a  definite  answer  to  the  problem  of 
ergothioneine  in  urine,  though  the  majority  of  workers 
seem  to  think  that  this  substance  is  present  in  urine.  It 
is  this  lack  0f  definite  results  that  prompted  the  present 
investigation. 

METHODS  AND  EXPERIMENTAL 

A  Comparison  of  the  Descending  and  Ascending  Paper  Chromato- 

gran  hv  Methods 

The  technique  of  ascending  paper  chromatography, 
introduced  by  Williams  and  Kirby,  (44),  and  later  improved 
upon  by  Wolf son  et  al,  (45)  represents  a  considerable 
simplification  of  the  original  technique  of  Consden, 

Gordon  and  Martin  (4)  which  has  been  used  exclusively  on 
all  work  in  this  laboratory  up  to  this  time.  Before  the 
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simpler  method  could  be  adopted  to  the  problem  of 
detecting  ergothioneine  in  urine,  however,  it  was  deemed 
wise  at  this  point  to  compare  the  two  methods  experiment¬ 
ally;  then  the  one  showing  the  greatest  number  of 
advantages  would  be  selected  for  all  subsequent 
experiments. 

Two  solvent  mixtures,  phenol-water  and  butanol- 
water,  were  selected  for  this  experiment.  A  large  glass 
jar  (21  cm.  by  45  cm.)  for  each  solvent  mixture  was  fitted 
near  the  upper  end  with  a  glass  trough  and  a  wire  to  hold 
the  ascending  strips.  Twelve  strips  (1.5  cm.  by  45  cm.) 
for  each  chamber  were  then  marked  off  lightly  with  pencil 
lines  at  5  cm.  intervals  and  six  of  these  were  suspended 
from  the, trough  while  the  other  six  were  hung  from  the 
wire  so  that  the  opposite  ends  just  dipped  into  the 
solvent  at  the  bottom  of  the  large  glass  container.  The 
solvent  travelled  down  those  strips  which  were  hung  from 
the  trough  and  travelled  up  those  which  were  suspended 
from  the  wire. 

Each  strip  in  the  phenol  container  had  dried  on 
it  25  pg.  of  alanine,  while  those  in  the  butanol  contain¬ 
ers  each  had  a  3  pg.  spot  of  ergothioneine.  The  strips 
were  so  arranged  that  each  series  of  pencil  marks  was 
in  line  and  that  the  solvent  ascending  and  the  solvent 
descending  crossed  the  starting  lines  at  the  same  time 
at  the  beginning  of  the  experiment.  Each  time  the 
solvent  face  advanced  5  cm.  (that  is, crossed  a  pencil 
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line)  the  time  was  noted  and  one  ascending  and  one  descending 
strip  was  taken  out,  dried,  treated  with  the  proper  reagents 
and  the  Rf  value  recorded.  The  experiment  was  under  constant 
attention  for  36  hours. 

The  results  of  the  experiment  are  represented  by  the 
Figures  II  (a)  (b)  and  III  (a)  (b). 
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Figure  II  (a) 

Comparison  of  ascending  and  descending  Rf  values 
at  varying  distances  for  alanine  in  phenol-water. 


Figure  II  (b) 

Comparison  of  ascending  and  descending  rates  of 
flow  of  phenol-water  solvent  using  Whatman  No.  I 

filter  paper  strips. 
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Figure  III  (a) 

Comparison  of  ascending  and  descending  Rf  values 
At  varying  distances  for  ergothioneine  in  butanol 

water. 


Comparison  of  ascending  and  descending  rates  of 
flow  of  phenol-water  using  Whatman  No,  I  filter 

paper  strips. 
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The  graphs  illustrate  very  clearly  that  for  the 
usual  irrigating  distance  of  35  cm. ,  the  ascending 
method,  in  these  particular  instances,  requires  more  than 
twice  the  time.  This  is  a  serious  disadvantage,  for 
decomposition  of  the  material  may  occur  when  exposed  to 
the  solvent  for  long  periods  of  time  and  this  has  been 
observed  in  the  case  of  ergothioneine  in  the  butanol- 
water  mixture.  Then  there  is  also  the  disadvantage  of 
waiting  for  nearly  two  days  before  irrigation  is  complete. 

In  irrigating  shorter  strips,  however,  the  time 
difference  between  the  two  methods  becomes  progressively 
smaller  so  that  for  short  strips  it  really  does  not 
matter  which  method  is  used. 

In  the  case  of  the  phenol-water  mixture  the  Rf 
values  at  the  different  intervals  of  distance  for  both 
methods  remained  fairly  constant.  In  this  case  the 
ascending  Rf  values  are  slightly  lower.  Williams  and 
Kirby  (44)  find  that  the  ascending  values  do  not  differ 
very  significantly  from  the  descending  values,  though 
they  are  frequently  a  little  lower. 

An  unusual  behavior  was  noticed  in  the  Rf  values 
of  ergothioneine  using  the  butanol-water  system.  Not 
only  are  the  ascending  values  higher  but  both  sets  of  values 
rose  during  the  experiment,  instead  of  being  constant  at 
the  different  intervals  as  in  the  case  of  phenol-water. 

This  may  have  been  a  result  of  disturbing  the  phase 
composition  of  the  solvent  on  the  paper  strips  during  the 
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experiment.  In  the  course  of  the  experiment  it  was 
necessary  to  take  the  lids  off  the  containers  for  very 
short  periods  of  time  so  that  some  vapor  undoubtedly  was 
lost  to  the  atmosphere.  Since  butanol  is  more  volatile 
than  phenol,  it  was  assumed  that  only  butanol  escaped  in 
significant  amounts  in  those  short  periods.  The  inside 
atmosphere,  therefore,  becomes  temporarily  un saturated 
and  requires  several  hours  to  reach  equilibrium  with  the 
solvent.  During  this  time,  the  advancing  solvent  front  is 
losing  solvent  to  the  atmosphere  and  may  not  have  the  same 
composition  as  the  solvent  in  the  trough  or  at  the  bottom 
of  the  container.  This  disturbance  of  the  phases  on  the 
paper  would  then  partly  explain  the  rising  Rf  values. 

As  a  result  of  the  above  experiments,  the  use  of 
the  descending  chromatography  method  was  chosen  and  was 
applied  in  the  same  way  as  described  for  urochromogen 
studies.  Amounts  not  exceeding  50-60  pi.  of  urine  were 
dried  7  cm.  from  one  end  of  1.5  cm.  by  45  cm.  Whatman  No. 

1  paper  strips.  The  strips  were  hung  from  a  large  glass 
trough  in  the  large  wooden  container  and  irrigated  for  24 
hours.  The  advantage  of  using  the  wooden  container  is 
that  many  strips  can  be  developed  at  one  time  and  that  it 
can  maintain  a  more  constant  temperature  than  do  the 
glass  containers. 

Of  the  several  different  solvents  examined  in 
developing  the  urine  chromatograms  it  was  found  that  the 
n-butanol-water  mixture  gave  best  results. 
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TABLE  VI 


A  Comparison  of  the  characteristics 
of  the  different  solvents  which  were  tried  in  developing 
the  urine  chromatograms. 


SOLVENT 

MIXTURE 

Rf  of 

Ergothio- 

neine 

Limit  of 
sensit¬ 
ivity  of 
ergothio- 
neine  in 
pure 

solution. 

Limit  of 
sensit¬ 
ivity  of 
ergothio- 
neine  in 
urine. 

REMARKS 

N-Butanol-HgO 

0.04 

0.3  pg. 

2-8mg% 

Ergothioneine 
band  very  comp¬ 
act  and  distinct 

4  n-butanol 

1  glacial  acetic 

5  water 

0.25 

5.0  pg 

15mg% 

4  n-butanol 

1  diethylene 
glycol 

1  water 

0.30 

6-9  pg 

Considerable 
decomposition  of 
ergothioneine  in 
this  solvent. 

77  %  ethanol 

0.45 

1.5  pg 

6-7mg  % 

This  is  a  fast 
running  solvent , 
therefore  the 
ergothioneine 
band  is  usually 
diffuse. 

90  %  ethanol 

0.19 

1.5  pg 

5- 6m  g-/b 
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Tests  Used  to  Spot  Ergothioneine 

During  the  course  of  the  work,  several  tests  were 
developed  for  detecting  ergothioneine  on  paper.  These 
are  described  and  briefly  discussed: 

(1)  Uric  Acid  Reagent: 

The  paper  was  first  sprayed  with  a  solution  of 
uric  acid  reagent  prepared  according  to  the  directions  of 
Folin  and  Trimble  (14).  The  paper  was  then  sprayed  with 
1  Normal  sodium  hydroxide.  If  ergothioneine  is  present, 
a  blue  color  appears  in  the  course  of  one  minute,  the 
intensity  of  the  color  depending  on  the  concentration  of 
ergothioneine.  This  test  is  sensitive  to  4  pg.  when  pure 
solutions  of  ergothioneine  are  used. 

(2)  Potassium  Iodoplatinate  Reagent  (3): 

The  reagent  is  prepared  by  mixing  equal  volumes 
of  0.066M  KE  and  0.0033M  H2PtCl6.  A  deep  red  solution 
develops  due  to  the  Ptl6~  ion.  The  paper  strip  is  sprayed 
with  a  1:4  dilution  of  this  solution  and  then  exposed  to 
HC1  vapor  for  five  minutes.  The  HG1  vapor  causes  a 
redevelopment  of  the  pink  color  except  in  the  area 
occupied  by  the  ergothioneine.  This  test  is  also  sensitive 
to  only  4  pg.  when  pure  solutions  of  ergothioneine  are 
used. 

Both  of  the  tests  just  described  are  non-specific. 
Besides  ergothioneine,  the  uric  acid  reagent  will  react 
with  reduced  glutathione,  cystine,  and  a  number  of  phenols; 
and  the  potassium  iodoplatinate  reagent  can  react  with  a 
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multitude  of  other  sulfur-containing  compounds.  Many  of 
these  substances  are  present  in  urine  and,  therefore,  the 
use  of  these  tests  was  limited  only  to  pure  solutions  of 
ergothioneine  and  the  more  simple  biological  fluids  like 
blood  filtrates  which  can  be  quite  easily  resolved  by  one- 
dimensional  chromatograms. 

(3)  The  Hunter  Color  Reaction  (24) 

This  test  was  by  far  the  most  satisfactory  and 
was  therefore  used  exclusively  on  all  the  urine  chromato¬ 
grams. 

Four  ml.  of  the  standard  Koessler  and  Hanke  diazo 
reagent  (27)  is  mixed  with  10  ml.  of  1.1  per  cent  sodium 
carbonate  at  cold  tap  water  temperature  and  the  mixture 
immediately  sprayed  on  the  paper  strip.  Thirty  seconds 
is  then  allowed  for  the  ergothioneine  to  couple  with  the 
diazo  reagent,  in  which  time  a  yellow  color  is  produced. 
After  this  time  the  paper  strip  is  immersed  in  ION  NaOH 
which  is  in  the  form  of  a  smear  on  a  colorless  glass 
plate.  Another  plate  of  glass  is  then  placed  over  the 
strip  to  prevent  it  from  curling  up.  There  is  a  gradual 
development  of  the  characteristic  pink-purple  color  which 
reaches  maximum  intensity  at  the  end  of  five  minutes.  In 
that  time  also,  many  of  the  urine  substances  which  couple 
with  the  diazo  reagent  fade  in  the  concentrated  alkali 
thus  allowing  the  ergothioneine  color  to  develop  against 
a  clearer  background. 

Many  variations  of  the  diazo  test  were  tried 
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before  the  above  final  modification  was  adopted. 

Coupling  times  of  5,  8,  15,  30,  60  seconds  and  5,  10,  20 
minutes  were  tried  and  on  almost  every  occasion  the  30 
second  coupling  gave  the  optimal  pink  color.  When  more 
concentrated  mixtures  of  the  Koessler  and  Hanke  diazo 
reagent  and  sodium  carbonate  solution  were  sprayed  on  the 
strips,  they  produced  a  more  intense  color  with  the 
ergothioneine  but  unfortunately  many  additional  urinary 
constituents,  which  ordinarily  do  not  couple  with  the 
dilute  diazo  reagents  coupled  with  the  concentrated 
reagents  thus  in  most  cases  completely  masking  the  color 
or  ergothioneine.  If  all  the  diazo  positive  material 
could  be  completely  separated  on  the  paper  from  the 
ergothioneine,  then  this  difficulty  would  be  eliminated. 
However,  this  would  require  two-dimensional  chromatograms 
with  two  carefully  selected  solvents.  Solid  Pauly* s 
diazo  reagent  (25)  was  smeared  on  the  paper  which  was 
then  placed  in  5N  NaOH.  This  variation  produced  a  beau¬ 
tiful  crimson  color  with  ergothioneine  but  the  dirty 
yellow  background  which  was  produced  in  almost  every 
case  was  a  serious  disadvantage. 

When  using  pure  solutions  of  ergothioneine,  the 
diazo  test  is  sensitive  to  as  little  as  0.3  pg.  of 
ergothioneine.  However,  this  sensitivity  could  not  be 
obtained  when  ergothioneine  was  mixed  with  urine.  Using 
butanol-water  as  solvent,  the  smallest  amount  of 
ergothioneine  that  could  be  detected  with  certainty  in 
normally  concentrated  urines  was  4-6  mg.  per  cent.  In 
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the  more  dilute  urines,  less  than  4  mg.  per  cent  could 
he  spotted  while  the  least  that  could  he  detected  in  the 
concentrated  urines  was  8  mg.  per  cent.  This  amount,  it 
was  found,  could  be  spotted  in  a  urine  of  almost  any 
concentration. 

These  sensitivities  were  determined  hy  mixing 
different  amounts  of  ergothioneine  with  a  constant 
volume  of  urine  so  that  an  aliquot  of  this  mixture  when 
dried  on  the  chromatogram  would  always  represent  50  pi.  of 
urine  plus  the  desired  amount  of  ergothioneine.  In  this 
way,  it  was  possible  to  determine  exactly  how  much 
ergothioneine  in  mg.  per  cent  was  necessary  before  it 
could  be  detected  in  a  urine  of  any  approximate 
concentration. 

When  the  chromatographic  technique  for  detecting 
ergothioneine  in  urine  was  finally  developed  15  different 
normal  urines  were  tested.  All  were  negative  with  the 
exception  of  one  on  which  a  subsequent  test  three  days 
later  also  proved  negative.  This  exception  may  be  accounted 
for  by  the  fact  that  the  subject  had  ingested  corn 
regularly  during  the  four  days  preceding  the  positive  test. 
This  result  might  be  related  to  an  observation  in  this 
laboratory  (2)  that  rats  fed  a  high  corn  diet  showed  an 
increase  in  blood  ergothioneine.  A  similar  blood 
ergothioneine  increase  may  have  resulted  in  the  above 
subject.  However,  an  explanation  of  how  this  possible 
increase  could  affect  the  urine  will  not  be  attempted 
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because  no  ergothioneine  has  yet  been  found  in  the  plasma 
even  of  those  persons  who  have  an  abnormally  high  ergo¬ 
thioneine  blood  level,  as  in  diabetes  mellitus. 

Two  urine  from  advanced  carcinoma  subjects  were  tested 
for  ergothioneine  but  both  proved  to  be  negative. 

Ergothioneine  Tests  on  Blood  Preparations 

Some  work  was  done  in  conjunction  with  Mr.  F.  Black  who 
at  the  time  was  working  in  this  Department  on  the  problem  of 
"The  Origin  of  Blood  Ergothioneine" ( 2) .  He  placed  21  day  old 
weanling  rats  on  various  diets.  At  the  conclusion  of  each  of 
his  experiments  the  rats  were  sacrificed  and  the  blood  from 
those  rats  on  the  same  diet  was  pooled.  A  filtrate  was  made 
from  each  pool  in  the  following  manner:  several  ml.  of  blood 
were  diluted  with  0.013  N  sodium  oxalate  and  0.003  N  acetic 
acid.  The  blood  proteins  were  coagulated  by  heating  on  a 
water  bath  and  removed  by  centrifugation.  The  supernatant  was 
then  drawn  off  and  treated  with  excess  G-oulard’s  extract. 

After  centrifuging  the  supernatant  was  drawn  off  and  freed  of 
lead  by  treatment  with  NaH2P04  (2).  Too  many  interfering  sub¬ 
stances  were  usually  present  to  apply  the  micro  modification  of 
Hunter’s  revised  diazo  test  (24),  so  the  above  filtrate  was 
concentrated  to  about  one-sixth  of  the  volume  of  the  original 
blood.  These  concentrated  filtrates  were  then  submitted  to 
analysis  by  paper  partition  chromatography.  The  quantities  of 
ergothioneine  were  compared  visually  to  a  spot  of  known  con¬ 
centration  so  that  they  are  only  roughly  quantitative  (+  25%). 

Several  interesting  results  were  obtained: 

Experiment  I: 

A  group  of  five  rats  was  placed  on  an  egg  albumin  diet 
for  three  weeks  (30%  egg  albumin, 60%  sucrose,  plus  all  the 
other  necessary  constituents(  (2),  then  three  of 
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these  were  placed  on  a  whole  ground  corn  diet  (90$  ground 
corn,  vitamins,  etc.)  and  the  other  two  remained  on  the 
egg  albumin  diet.  Two  weeks  later  the  corn  fed  rats 
showed  3  mg.  per  cent  of  ergothioneine  and  the  albumin 
rats  only  0.5  mg.  per  cent. 

Experiment  II: 

A  group  of  five  rats  was  started  on  a  zein  diet  [60% 
sucrose,  15$  casein,  15$  zein,  etc.)  (2)  and  after  two 
weeks  two  of  the  group  were  placed  on  the  whole  ground  corn 
diet  while  the  other  three  remained  on  the  zein  diet. 

Three  weeks  later  the  corn-fed  rats  showed  7  mg.  per  cent 
ergothioneine  and  the  zein-fed  rats  only  0.2  mg.  per  cent. 
Experiment  III: 

Five  rats  were  started  on  the  whole  ground  corn 
diet  and  six  weeks  later  three  of  the  rats  were  placed  on 
a  casein  diet  (60$  sucrose,  30$  casein,  vitamins,  etc.)  (2) 
while  the  other  two  remained  on  corn.  Three  weeks  later 
the  blood  ergothioneine  value  of  the  corn-fed  rats  was  7  mg. 
per  cent  while  the  casein-fed  rats  showed  absolutely  no 
ergothioneine.  This  effect  of  casein  on  blood  ergothioneine 
has  been  confirmed  by  subsequent  work  in  this  laboratory  (15). 
Experiment  TV: 

Five  weanling  rats  were  started  on  the  casein  diet 
and  at  the  end  of  five  weeks,  three  of  these  were  placed  on 
the  whole  ground  corn  diet  and  the  other  two  continued  to 
receive  casein.  Four  weeks  after,  the  casein-fed  rats 
showed  complete  depletion  of  blood  ergothioneine  while  the 
corn-fed  rats  had  levels  of  ergothioneine  of  2.5  mg.  per  cent. 
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SUMMARY 

1.  The  descending  chromatography  method  is  best  suited 
for  irrigating  the  usual  45  cm.  strips.  n-Butanol- 
water  was  the  best  solvent  mixture  for  this  work. 

2.  A  test  for  ergothioneine  on  paper  was  developed  which 
is  based  on  the  color  reaction  of  Hunter  and  which  is 
sensitive  to  levels  above  4-6  mg.  per  cent  ergothioneine 
in  normally  concentrated  urines. 

3.  If  ergothioneine  is  present  in  normal  urine  then  it 

is  present  below  the  concentration  of  4-6  mg.  per  cent. 

4.  Two  advanced  carcinoma  urines  were  tested  for 
ergothioneine  and  both  were  negative. 

5.  The  paper  chromatography  method  was  very  successfully 
applied  to  blood  preparations  which  showed  inter¬ 
ference  with  the  standard  Hunter  diazo  test  for 
ergothioneine  in  blood.  The  concentrations  had  to  be 
estimated  visually  so  that  all  the  readings  were 
roughly  +  25%  within  the  true  value.  In  the  case  of 
urines  the  accuracy  of  estimation  was  greater  because 
of  more  experience  with  this  technique. 
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